Rhizopus (Rh.) delemar (ATCC 34612) C-lipase was found to exhibit a slight activity towards water-soluble esters. The hydrolytic reaction of this lipase on a-naphthyl acetate was competitively inhibited by the presence of olive oil or Tween 80. This finding showed that both substrates, insoluble triglyceride and water-soluble ester, were hydrolyzed at the same site on the enzyme.
Rhizopus (Rh.) delemar (ATCC 34612) C-lipase was found to exhibit a slight activity towards water-soluble esters. The hydrolytic reaction of this lipase on a-naphthyl acetate was competitively inhibited by the presence of olive oil or Tween 80. This finding showed that both substrates, insoluble triglyceride and water-soluble ester, were hydrolyzed at the same site on the enzyme.
The activities on water-soluble esters (a-naphthyl acetate, /?-naphthyl acetate, methyl acetylsalicylate and Tween 80) increased on binding of lipase with phosphatidylcholine (PC), although the activity on olive oil did not change. The increase in activity on water-soluble esters was due to the increase in the Kmax for its hydrolysis. It appears that local structural change of the catalytic site on lipase occurred on binding of PC to the lipase molecule and resulted in an increase in the activity on water-soluble esters. The temperature dependence of the hydrolysis of water-soluble esters demonstrated that the activation energy was lowered on binding of PC to the lipase molecule, and this resulted in an increase in the activity.
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MATERIALS AND METHODS
Preparation of Enzyme-Rh. delemar C-lipase was purified from commercial Rh. delemar lipase (Tanabe Pharmaceutical Co.) as previously reported (/). The homogeneity of the purified enzyme was confirmed by disc electrophoresis on 7 % polyacrylamide gel (pH 4.0) (6) .
Preparation of PC-Bound Lipase-Phosphatidylcholine (PC) was purified from egg PC (Merck Co.) by silicic acid column chromatography (7), and its homogeneity was confirmed by thin layer chromatography as described previously (J). PC (5.0 //mol/ml) was emulsified in water by using an ultrasonic oscillator and used for the PC-treatment of lipase. A mixture containing about 0.34 mg/ml of lipase and 1.0 /*mol/ml of PC in 0.04 M acetate buffer (pH5.6) was incubated at 30°C for 24 h. After the incubation, two volumes of the solvent mixture (isopropyl ether : n-butanol, 3 : 1) was added to the above mixture and the whole was shaken at 30°C for 30 min at the rate of 60 oscillations per min to remove the excess PC from the PC-treated enzyme solution. After shaking, the water layer was separated and kept in vacuo at 15°C for 15 min to remove the remaining solvent. The activities on olive oil, lipoprotein and watersoluble esters were not changed by this solvent treatment. This enzyme solution was fractionated by isoelectric focusing as described in the following section. Although PC-treated lipase was separated into p/6.5 fraction and p/7.0 fraction, p/ 7.0 lipase was intermediate between the original lipase and p/6.5 lipase (5). Thus, the enzyme recovered at p/6.5 fraction was concentrated and dialyzed against 0.04 M acetate buffer (pH 5.6) in a collodion bag, SM 13200 (Sartorius Co.). The resultant enzyme solution was used as PC-bound lipase.
Isoelectric Focusing-The technique of isoelectric focusing (8) was applied to prepare PCbound lipase. PC-treated lipase that had been concentrated by ultrafiltration was applied to a column (110 ml) with 1% Ampholine (pH gradient 3.5-10, LKB). The density gradient was provided by the use of glycerol. Electrophoresis was carried out at a constant voltage of 300 volts at 4°C for 40 h. The effluent was collected in 2 ml fractions.
Measurement of Enzyme Activities-i)
Activity on olive oil: The activity on olive oil was assayed as described previously (9) .
ii) Activity on lipoprotein-Olive oil emulsion incubated with 5% bovine serum albumin as described previously (2) was used as the substrate for assay of the activity on lipoprotein. From the clearing activity measured by the turbidity method, the amount of liberated fatty acid was calibrated.
Hi) Activity on a-naphthyl acetate. Enzyme solution (0.5 ml) was added to 3 ml of 1.3 mM a-naphthyl acetate dissolved in 0.05 M acetate buffer (pH 5.6) and 0.5 ml of 0.4% Fast Blue Salt B (Merck Co.), and the whole was incubated at 30°C. The enzyme reaction was stopped by adding 0.5 % of trichloroacetic acid. The diazonium complex formed was extracted with 5 ml of ethyl acetate by vigorous shaking for 2 min in a vortextype mixer. The mixture was centrifuged (1,000 x g, 1 min) and the amount of a-naphthol formed was determined by measurement of the absorbance of the solvent layer at 500 nm.
iv) Activity on (i-naphthyl acetate:
The activity on /?-naphthyl acetate was assayed by the same method as above, except that 1.0 mM /?-naphthyl acetate was used instead of 1.3 mM anaphthyl acetate.
v) Activity on methyl acetylsalicylate: Enzyme solution (0.5 ml) was added to 4.5 ml of 22.2 mM methyl acetylsalicylate dissolved in 0.05 M acetate buffer (pH 6.0), and the mixture was incubated at 30°C. Methyl salicylate formed was periodically assayed by measuring the absorbance of the reaction mixture at 300 nm.
vi) Activity on Tween 80 (polyoxyethylene sorbitan monooleate): The reaction mixture, containing 8 ml of 56 mM Tween 80 and 0.5 ml of enzyme solution, was stirred at 30°C. Oleic acid liberated was continuously titrated at pH 8.0 with 0.05 N KOH by the use of a pH stat.
RESULTS

Hydrolysis of Water-Soluble Esters by Rh.
delemar Lipase-The homogeneously purified lipase acts slightly on water-soluble esters. In order to confirm whether Rh. delemar C-hpase itself can act on water-soluble esters, the following experiment was carried out with olive oil, a-naph-/. Biochem. (Fig. 1) . This fact showed that Rh. delemar lipase itself acted on water-soluble esters such as a-naphthyl acetate and Tween 80.
When olive oil or Tween 80 was added to the reaction mixture of a-naphthyl acetate, this reaction was inhibited and the K m value for a-naphthyl acetate increased, although V m2X for this ester did not change (Figs. 2 and 3) . These results showed that olive oil or Tween 80 was a competitive inhibitor of the reaction on a-naphthyl acetate.
Activities of PC-Bound Lipase on Various Soluble Esters-PC-Bound lipase was prepared as described in "MATERIALS AND METHODS." The activities of the original lipase and PC-bound lipase on various water-soluble esters were investigated and the results are summarized in Table I . When lipase was bound with PC, its activities on water-soluble esters (a-naphthyl acetate, ^-naphthyl acetate, methyl acetylsalicylate and Tween 80) increased, as did that on lipoprotein, while its activity on olive oil did not change.
Change in Kinetic Parameters for WaterSoluble Esters upon Binding of Lipase with PC--1
[Concn. of a-naphthyl acetate]" 1 (mM' 1 ) Fig. 2 . Double-reciprocal plots of the inhibition of the reaction on a-naphthyl acetate by olive oil. The reaction mixture was prepared as described in " MA-TERIALS AND METHODS," except that the substrate was used at various concentrations. The reaction was carried out with stirring at 500 rpm. a-Naphthol formed was measured as described in "MATERIALS AND METHODS." The reaction velocities were expressed in terms of the quantity of a-naphthol formed by 75 /ig of enzyme per min. O, the reaction in the presence of 10mg olive oil; •, the reaction without olive oil. In order to investigate whether the increase in the activity on water-soluble esters was due to a change in the catalytic site or to a change in the binding site, kinetic parameters were examined with the water-soluble esters using the original lipase and PC-bound lipase. The results are summarized in Table II a AG*>, the change in activation free energy.
• > AH*, the change in activation enthalpy.
c AS*, the change in activation entropy. These plots were linear in the range of temperature measured. From these data, the activation energies for the reactions on a-naphthyl acetate by the original lipase and PC-bound lipase were calculated to be 11 kcal/mol and 8 kcal/ mol, respectively, and those for the reactions of Tween 80 were 18 kcal/mol and 10 kcal/mol, respectively. On the basis of these data, the free energy change {AG"), the enthalpy change {AH") and the entropy change {AS") for the breakdown of the ES complexes were calculated, and are shown in Table m .
DISCUSSION
The change in enzyme activity caused by the lipid-protein interaction has been mainly studied with regard to membrane-bound enzymes {10-13).
In these studies, phospholipid was found to play an important role in increasing the activity. On the other hand, our previous study {3, 4) demonstrated that Rh. delemar C-lipase was modified by its binding with phospholipid, resulting in an increase in its activity on lipoprotein, in a shift of its isoelectric point to the acidic side and in a decrease in its a-helical content. Furthermore, we have found that, by modification as above, the activities on some water-soluble esters, as well as that on lipoprotein, were enhanced (5). This fact may offer a significant clue to the structural difference between lipase acting in a heterogenous reaction system and esterase acting in a homogenous reaction system. Okuda and Fujii pointed out that esterase from rat liver was changed into lipase after interacting with lipid {14), but they did not discuss the mechanism. In order to elucidate the mechanism of the change in substrate specificity of Rh. delemar lipase by its modification by phospholipid, the present study dealt with the kinetic analysis of the catalytic actions of the original lipase and PC-bound lipase by the use of a-naphthyl acetate and Tween 80 as substrates.
Since the rates of enzyme inactivation determined by using three kinds of substrates (olive oil, a-naphthyl acetate and Tween 80) coincided (Fig.  1) , it was confirmed that Rh. delemar lipase itself exhibited slight activity on water-soluble esters in addition to that on triglyceride. The reaction on a-naphthyl acetate was competitively inhibited by the presence of olive oil (Fig. 2) . Furthermore, Tween 80 was also a competitive inhibitor of the reaction on a-naphthyl acetate (Fig. 3) . Thus, it was considered that the hydrolyses of olive oil and water-soluble esters were performed at the same catalytic site on Rh. delemar lipase. (Table I) . Furthermore, the J-Wr's for hydrolyses of the water-soluble esters increased on binding of lipase with PC, while the K m values did not change (Table II) . These facts suggested that the increase in the activity on water-soluble ester was due to local structural change of the catalytic site on lipase caused by its binding with PC.
The activation parameters shown in Table III indicated that enthalpic factors contributed to the increase in the reaction velocity for the watersoluble esters on binding of lipase with PC, and that entropic factors contributed to the decrease in the reaction velocity. Since the decrease in the enthalpy change was larger than that in the entropy change, it may be concluded that enthalpic factors contributed to the increase in the reaction velocity for the water-soluble esters caused by binding of PC to Rh. delemar lipase.
